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CLAIMS 

What is claimed is: 

1 . A semiconductor device formed on a semiconductor substrate having an active 
region, the semiconductor device comprising: 

a dielectric layer interposed between a gate electrode and the semiconductor 

substrate; and 

graded dielectric constant spacers formed on sidewalls of the dielectric layer, 
sidewalls of the gate electrode and portions of an upper surface of the semiconductor substrate, 

wherein the dielectric constant of the graded dielectric constant spacers decreases 
in a direction away from the sidewalls of the dielectric layer. 

2. A semiconductor device according to claim 1, wherein the graded dielectric 
constant spacers comprising: 

a first layer formed on the sidewalls of a gate electrode, the sidewalls of the 
dielectric layer and the portions of the upper surface of the semiconductor substrate; 
a second layer formed on the first layer; 
a third layer formed on the second layer; and 
a fourth layer formed on the third layer, 

wherein the first layer has a dielectric constant greater than Si0 2 and each of the 
second, third and fourth layers has a dielectric constant less than the dielectric constant of the 
preceding layer. 

3. A semiconductor device according to claim 1, wherein the graded dielectric 
constant spacers further comprise: 

recessed spacers formed on the sidewalls of the dielectric layer, portions of an 
upper surface of the semiconductor substrate and partially on the sidewalls of the gate electrode; 
and 

second spacers formed on the recessed spacers wherein the dielectric constant of 
the recessed spacers is greater than Si0 2 and the dielectric constant of the second spacers is less 
than the dielectric constant of the recessed spacers. 
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4. The semiconductor device according to claim 3, wherein third spacers are formed 
on the second spacers and the dielectric constant of the third spacers is less than the dielectric 
constant of the second spacers. 

5. The semiconductor device according to claim 4, wherein the second spacers are 
L-shape and mirror L-shape. 

6. A semiconductor device formed on a semiconductor substrate having an active 
region, the semiconductor device comprising: 

a gate dielectric layer disposed on the semiconductor substrate; 

a gate electrode formed on the gate dielectric layer defining a channel interposed 
between a source and a drain formed within the active region of the semiconductor substrate; 
and 

graded dielectric constant spacers formed on sidewalls of the gate electrode, 
sidewalls of the gate dielectric layer and portions of an upper surface of the semiconductor 
substrate, 

wherein the dielectric constant of the graded dielectric constant spacers decreases 
in value in a direction away from the gate dielectric. 

7. The semiconductor device according to claim 6, wherein the graded dielectric 
constant spacers include: 

a first layer formed on the sidewalls of the gate electrode, the sidewalls of the 
gate dielectric layer and the portions of the upper surface of the semiconductor substrate; 
a second layer formed on the first layer; 
a third layer formed on the second layer; and 
a fourth layer formed on the third layer, 

wherein the first layer has a dielectric constant greater than Si0 2 and each of the 
second, third and fourth layers has a dielectric constant less than the dielectric constant of the 
preceding layer. 

8. The semiconductor device according to claim 7, wherein the first layer material is 
one or more of A1 2 0 3 , Hf0 2 , Zr0 2 , Ta 2 O s , BaTiO s , Ti0 2 , Ce0 2 , BST (Ba,_ x Sr x 0 3 ), PZN 
(PbZn x Nb 1 . x 0 3 ) and PST (PbSc x T ai . x 0 3 ). 
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9. The semiconductor device according to claim 7, wherein the second layer 
material is one or more of Si0 2 , Si 3 N 4 , SiO x N y , A1 2 0 3 , Hf0 2 , Zr0 2 , Ta 2 0 5 , BaTi0 3 , Ti0 2 , Ce0 2 , 
BST (Ba,_ x Sr x 0 3 ), PZN (PbZn x Nb,. x 0 3 ) and PST (PbSc x T ai . x 0 3 ). 

10. The semiconductor device according to claim 7, wherein the third layer material 
is one or more of Si0 2 , Si 3 N 4 , SiO x N y , A1 2 0 3 , Hf0 2 , Zr0 2 , Ta 2 0 5 , BaTi0 3 , Ti0 2 , Ce0 2 , BST 
(B ai _ x Sr x 0 3 ), PZN (PbZn x Nb,_ x 0 3 ) and PST (PbSc x T ai . x 0 3 ). 

1 1 . The semiconductor device according to claim 7, wherein the fourth layer material 
is one or more of Si0 2 , Si 3 N 4 , SiO x N y , A1 2 0 3 , Hf0 2 , Zr0 2 , Ta 2 0 5 , BaTi0 3 , Ti0 2 , Ce0 2 , BST 
(B ai _ x Sr x 0 3 ), PZN (PbZn x Nb!. x 0 3 ) and PST (PbSc x Ta,. x 0 3 ). 

12. The semiconductor device according to claim 8, wherein the first layer is A1 2 0 3 . 

1 3 . The semiconductor device according to claim 9, wherein the second layer is 

Si 3 N 4 . 

1 4. The semiconductor device according to claim 1 0, wherein the third layer is 

SiO x N y . 

1 5 . The semiconductor device according to claim 1 1 , wherein the fourth layer is 

Si0 2 . 
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16. A method of fabricating a semiconductor device formed on a semiconductor 
substrate having an active region, the method comprising the steps of: 

forming a gate dielectric layer on the semiconductor substrate; 

forming a source and a drain within the active region of the semiconductor 

substrate; 

forming a gate electrode on the gate dielectric layer wherein the gate electrode 
defines a channel interposed between the source and the drain; and 

forming graded dielectric constant spacers on sidewalls of the gate electrode, 
sidewalls of the gate dielectric layer and portions of an upper surface of the semiconductor 
substrate, 

wherein the dielectric constant of the graded dielectric constant spacers decreases 
in value in a direction away from the gate dielectric layer. 

1 7. The method according to claim 1 6, wherein the step of forming graded dielectric 
constant spacers further includes the steps of: 

forming a first layer on the sidewalls of the gate electrode, the sidewalls of the 
gate dielectric and the portions of the upper surface of the semiconductor substrate; 
forming a second layer on the first layer; 
forming a third layer on the second layer; and 
forming a fourth layer on the third layer, 

wherein the first layer has a dielectric constant greater than Si0 2 and each of the 
second, third and fourth layers has a dielectric constant less than the dielectric constant of the 
preceding layer. 

18. The method of claim 17, further including the step of: 

forming the first layer of one or more of A1 2 0 3 , Hf0 2 , Zr0 2 , Ta 2 0 5 , BaTi0 3 , 
Ti0 2 , Ce0 2 , BST (Ba,_ x Sr x 0 3 ), PZN (PbZn x Nb,_ x 0 3 ) and PST (PbSc x Ta,. x 0 3 ). 

1 9. The method of claim 18, further including the step of: 

forming the second layer of one or more of Si0 2 , Si 3 N 4 , SiO x N y , A1 2 0 3 , Hf0 2 , 
Zr0 2 , Ta 2 0 5 , BaTi0 3 , Ti0 2 , Ce0 2 , BST (B ai . x Sr x 0 3 ), PZN (PbZn x Nbi_ x 0 3 ) and PST 
(PbSc x T ai . x 0 3 ). 
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20. The method of claim 1 9, further including the step of: 

forming subsequent layers of one or more of Si0 2 , Si 3 N 4 , SiO x N y , A1 2 0 3 , Hf0 2 , 
Zr0 2 , Ta 2 0 5 , BaTi0 3 , Ti0 2 , Ce0 2 , BST (B ai _ x Sr x 0 3 ), PZN (PbZn x Nb,. x 0 3 ) and PST 
(PbSc x Ta,_ x 0 3 ). 
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